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(57) CytUMocTb M3o6pereHMft: TepMoo6pa6oTtcy 
n/iacTup* TOKaMM bucokoA mactotu ocymecr- 
b/ishot nocne ro4>pMpoeaHMH t a cm33omhum 
c/iofl HBHoanr noaTOpno noc/ie ox/ia^Aem**. 
npeA^araeMW^ cnoco6 rt03Bo/»neT 3a cmct no- 
BUiueHH* n/iacTv»*mbix cBoftcrs MeTan/ia na- 
AexHO o6ecnesMTb repMeTwaaMwto 
peMOHTMpyeMOro yMacTKa CKBattwuu. 1 Tao/i. 



tiso6pereHMe othocmtcp k o6pa6oTice Me* 
Tdiina AawieHweM, b MacTHOCTn < TexHonorww 
MsrcrToaneHUR ro<t>pnpoB8HHux Tpy6. 

OCHOBMWMV4 On^paUMflMM B TeXHO/K>rMM6- 

ckom npouecce H3roTOBnenw« tohkoctcmm^x 
ro4>pnpoBaMHwx Tpy6 »B/»Aetc* xo/iOAnaa Ae- 
4>opMAunfl. HanpMMep eommeMiAe m npOKanca 
tpyfr, xwMM*eocaR o5pa6oTKa. tepMHsecKa* 
o6pa60T*a aah cnatmsi oct3tommwx Hanpaxe- 
hw&« BoaHMKatomux b pe3ynbTate Ae4>oP Ma_ 
uvtw ii npcxJiu/mpoBaHHa mctoaom HeKaTicvi. 

M38ectQH cnoco6 H3roToa/\eHw* xpy6 c 
npoAonbHw'Mrt ro<l>p3M* nyreM AayxSTanHoro 
4>opMOBaHM« Tpy6bi-3aroTOBKM. npWMBM Ha 
nepeoM 3T*ne ee ro<t>pwpyioT paAwa/ibHUMw 

yCM/lMRMM. a H8 BTOPOM 9T3ne o6*vtM3lOT B 

npo4>w/iMpoBaMMOv* BO/ioxe. 

Oflwaico Q03HMKdi6uivie b peay/itTSTe 
c/kwhoA A©<t>oP Ma U^^ ocTarosHwe nanptoxe- 
hmw ne fxaicn AocraTOMHOM aonepeMHOft npon- 
noctu, Hviann CTanOBMTc* xpynxwM m 



HenpHroASH b KanecTBe .macrbipa npn peMOM- 
Te o6caAHQft koaohhw a CKBa*u*ne. 

jjnn ch»tmh ocTBtO^Hbix wanpnaceHMi/i rpy- 
6w noABCpraiotTepMimecKOft o6pa6oTKe - ot~ 
>Kwry o nesax Twna RCO-06 w/i* r^O-Oy w 
nonyneHMfl Ha Tpy6ax oicMC«oCi rmeHKu. bw- 
no/iHaiomevi 4>yHKi\vtn noAM330MHoro noKpw- 
tmr m o6naAaioiue^ AOCTaTOMHow 
nopwcTOCTbio n aACOp6uMOMMO(% cnoco6Ho- 

CtbK) It CM83<e. 

M3BecTeH TaioKe cn6co6, npn kotopow 
TOHKOCtCHMbia npo4>M/ibHue Tpy6w npae»T 
pacTW)KeHMeM*ipa3AaHe«c HarpeeoM Ha ane*- 
TpoTepMMMecicoM o5opyA0B8HMM. CHa^ana 3a- 
roroBKy xpy6bi HarpesaiOT toksmh 
conpOTHBWHvia ao TQMnepaTypb* OT^nra. a 
3STCM nocne ox/i axAeHvuj pa3AaJor npn noMO- 

HeAOCTaroK cnoco6a 33*/i}OM3eTC* b tom. 
hto npw ManoKeHMM nnacTwp« M3 HeoToxcxen- 
Hux Tpy6 MOJkeT «ipowcxoAwTb paapuB no 
npcxfrw/ibHoa oDpasyK>me^. 3 npv; Kanoxenwn 
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nnacTupn M3 oTo^«enHwx Tpy6 c nocneAyKr 
mi*M ro<J>pM;poeaMMeM mojkct npowcxo/awtb 06* 
pa3oeaHwe.Mi/>xpcnpemwH eo enaAnuax m h3 
owCTynax npoAOAbHbix ro<J>p npw Ae<t>opMauvin 
mx AOUw/iMUApwMecKOi* <})opMw. icorAa ee nnor- 
ho npM)KviMaK>T (HaxaTtrfflaiOT) AOpnwpyiome* 
ro/iOBKOtf * BMyTpewHe^ noaepxHOcru o6caA" 
hoA ko/iohhw. B pe3y/itTare He o6ecnem*aa- 
erc* nafle^HOCTb repMeYwaauvw ws-aa 
MM3KOM n/i8CTMMHOCTM MeYanna ro<t)pwpoeaM- 
HOro n/iacTbipa. 

Ue/ibio vi3o6peTeHii« «BA«eTCR noebnue- 
Hite Haae* hoc™ repMeYM3auuii o6ca>KeHMOia 
nyieM noBbiioeMMsi nnacYMMHOCYw 
MeYanna n/iacrupa. 

CyiuHoctb M3o6peieHUfl saxniOMaeYCfl e 

TOM, HTO YepM006pa60TKy TOKaMM BbtCOKOW Ma- 

ctotw ocyuteCYBn**OY nocne ro^pupoaaHna. a 
• aaTeM oobtopmo hshochy CMa3o«4Hbiw cno*. 

B pe3yAbTaxe 3H3KonepeMeHHbix Ae<t>op- 
MauMft, KOTOpwM noAoepraeica MeYanna Tpy6 
npw fo^p^poeaHMii kax b npouecce u3roYoa- 
zieHMfl nnacYbipew. Tax m npw paaAase b npo- 
uecce YCT3H0BKH B CKBa>KHH3X. npOHCXOAWT 

3MasMTe/»bHoe ynpOMHCHne MeYanna. npuseM 
Haw6o/ibiuMe 3HaweHWH ynpOMHeniii/i npwxoA* 
»tc« Ha enaAMHW ro^pMpoaaHHwx Tpy6. 

H3MeHeMne tbcpaoctw (Hv) CTa/iw Mapxn 
10 npn fepM0o6pa6oTKe. fo<J>pnpoeaHwn m 
paaAaMe rinaCTwpa noxa33HO b Ta6niu;e. 

m T36/1WUW BWAHO. MTO TBepAOCYb MeTan- 

na nnacYb*p« nocne pa3da«w Q oBcaAHoft Tpy- 
6o AOCTuraeT Haw6onbuunx snaMeHMft, ecnw 
nnacTbipb w3roYaenwBancH m3 HerepMOo6pa- 
6ot3Hhowi Tpy6u. npvt M3roTOB/ieHHW nnacTbi- 
pea H3 npeAeapvirenbHO TepMoo6pa6oTaMHbix 
Kpyr/iux rpy6 npn ro4>pnpoBaHMK raepAOcrb 
MecKOfibKocHHttaeicfl nocpaBHenwioc Herep- 
MOo6pa6oTaMKbiMvi 3aroYoeKaMt*. ho nocne 
pa3AasM TBepAOCTb B03pacTaer hohtw ao tow 
xe Be/iuMMHw. mto w 6es TepMOo6pa6oTKn. no- 
cne TepMUMecxOM o6pa6oTKw ro<J>pnpoB3HHwx 
Tpy6 c warpeeoM yok3mw bucokow mbctotw 
TnepAocTb wx cnnwaeYca 3HaMWYenbHo, a no- 
cne pa3Aaww om3 Menbiue. mom y HerepMOo6- 
pa6oTaHHux. 

B oT/iMMwe ot neMHoro wnw ra30Boro na- 
rpeaa npu o6pa5oTKe saroYoexw YoxaMW bwco- 
K0M MftCTOTbl OpOMCXOAMT He3Ha4wxenbHoe 
M3Mert6M^e <>opmw ee npo<J>wnfl. Ha nocepXHO- 
CTv»Tpy6u o6pa3yeTcn yohxw* enow oxanwHW, 
KOTOpbi^'HeoTc/iawBaeTCH b npouecce Ae<j>op- 
MauviM ~ pa3AaMM. CMa30MHww enow HanocwT- 
cp Ha BHyypeHMioio noBepxHOCTb 
OTO)K>*CeHHblX npoAonbHo-ro<}>pvipoBaHHbix 
Tpy6 nocne uxoxnaxAeHwa. Oh npenoxpaHRet 
BHyTpeHHiOio noBepxMocThOT xoppoanOHHoro 
pa3pyujeHw» a npouecce axcnnyaiauviui m chm- 
jxeHMfi oceobix ycwnwA b npouecce p33Abmw 
nnacTwpei^. 



PI p w m e p fln» peMOHYa o6c3ahoh ko- 
noHMbi A^aMeTpoM 146 mm c to/iiuhhom CTen*vt 
8 mm nnacTbipb narOTaanneaiOT M3 tohkocycm- 
hom Tpy6bi ii^aMerpOM 130 mm c TonuiMHoA 
5 ctehkm 3 mm m3 cxann MapKH 10. AiMHa Tpy6bt 
9-11.5 m. 

Ha BHyTpeHHioio nooepxHOCYb Ypy6w na- 
hocat cnovi rpa<t>nTOBOM wnvi Apyrow cm33kk. 
npeAHa3H3HCHHOi^ Ana CHMxeenws ycunw ro<t>- 
10 pwpoaaHMfl. fo<J)piipoeaHUe uHnwHApMMecxo^ 
YpyObi npousBOAPY na cneuwanbHow ycYanoe- 
xe nepe3 poniiKoeyio ro/iOBxy c BnyTpeHHevi 
npo<J>wnbHOH onpaexow. llonysaeTC« npoAonu- 
HO-ro<})pvipoBaHHaR Tpy6a c HapyxHwM A^a- 
1 5 MeipOM 11 6 mm m MucnoM ro4>P 6 wmi 8. 3axeM 
npon3BOAwTC« pnxTOBKa ro^pupoBaHHOw Ypy- 
6bi nocne oxpesxu ee na 3aAaHHyio AnnHy. 

3aieM npon3eoA^TCR TepMUMecxaH o6pa- 
6oYKa npoAonbHo-ro<>pwpooaHHOM Tpy6w - 
20 HopMann3auwfl c narpeaoM ToxaMw bwcokom 
sacYotbi na ycianoaxe BST 30/6. flpvi syom 
npoAonbHO-ro0pwpOBaHHa« Tpy6a ycYanaa- 
niiBaeTCfl ropw30HTanbHO Ha po/iMKOBbix ono- 
pax m c onpeAeneHHOul cxopocYb*o 
2S npoAB^raeTcw nepes whaykyop. 

Oxna^KAeHtie xpy6b» npoM3BOAWTc« h3 
BQ3Ayxe. CMa3xa. KOYopaw 6wna naHecena ne- 
peA ro<J)pwpoaaHMeM. ewropaeY. 

Tax xax b cxoa>KiiHe npw yCTanoBxe nna- 
30 CTwpfl b MHYepBane peMOHia npow3BOAwYc» 
pa3Aa**a nnacYwpfl ao xpyrnoii 4>opMbi m npw- 
^aTHfl k CYeHxe o6c3ahow Tpy6w. to npw 3tom 
B03HMxa»or 6onbuuue KOHTaxYHbie Harpy3xn 
Me)KAy nnacYwpeM m wHCYpyMeHTOM An« pa3- 
35 a3mh. ^nn CHvixenuft 3Yux Harpy30X Ha anyY- 
peHHK>K) noBepxHOCTb nnacYwp« h3Hocmtc» 

BYOpWMHO CM330MHWM CnOt?l, KOTOpWI?! CnyXCWT 

xax Anf? cHM>KeHMfl yciinnCi, bo3hwk3K)iumx npti 
pa3Aa^e nn3CTbip«> Tax m Ann npeAOxpaHeHwrt 
40 3toC\ nOBepxHocYwt ot xoppo3woHHoro pa3py- 
iueHM» e npouecce 3KcnnyeTau"w. 

CoMeYanne YepMvmecxOii o6pa6oYKH nna- 
exwpeft nocne ro^pupoaaHnw w mwcewe 
CMasoMHoro cnofl na BHyTpeHHioto noBe^x- 
45 HOctb nocne YepMWMecxo* o6pa6oYxw no3eo- 
n^K)Y noewCHTb nnaCTMMHoCYb MeYanna 
nnacTwp o6ecneMMTb 6naroAap« 3ioMy naj 
Ae>KHocTt> repMeTM3au^w peMOHT^pyeMO^ 

' CKBaWWHW. 
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<I> opMyna M3o6peTenvt« 

Cnoco6 MsroTooneHMfl ro^puipoaaHHoro 
CYanbHoro nnacYwprt. npewwyiuecToeHHO An» 

peMOHYS 06c3*eHH0a CX83PKvlHbl. BKniOMa>o- 

mnw TepMOo6p36oTxy 3aroToaxM. Hanecenne 

CM330MHOfO CnOfl H3 BHy YpeH H K) K) OOBepXHOCTb 

3arotoBKvi m ee rocppvipoBaHwe. omviHa»oiuMk> 
c r YeM. hto. c uenbK) noBbnueHM» h3ac^hocth 
repMeYH3auwvi o5ca>xeHHOfi ckbhxhhw nyreM no- 
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BbtujeHMR n/iacTHMHoc™ MeTanna n/iacTwp«. 

tepM006pft60TKy TOKdMM BWCOKOA MaCTOTW 



ocymeCTO/iflK>T nocne ro&p^poeaHUfl. a zQiew 

nOBTOpHO H8MOCWT CMS3QMhbl^ C/lOW. 



HcxoAMoe COCTOH- 




BWA O6D66OTKII 




Hue MarcpHana 


Ao ro4>p«pooaHMfl 


rioc/ie ro4>p*ipo~ 1 

BSHHB 


nocne ro4>pMpoB3: 
ump (MopManMaa- 
UM«) c Harpeeow 

TOKBMH BWCO- 
KOW SaCTOTWI 


Hoc/ie paaAa^w 


Bea TepMOo6pa- 
60T1CM 


1570 


1750 




2020 


C TCpMOOfipfiBOT- 


1350 


1660 




1966 


663 TepMoo6pe- 
60TKM 


1570 


1750 


1350 


1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
1 0 steel Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns .5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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